Background: Several studies have shown that sleep disorders may lead to metabolic or endocrine changes including insulin resistance, diabetes, obesity, cardiovascular disease and stroke. Objectives: The aim of this study was to investigate the association between sleep quality and metabolic factors and anthropometric measurements among personnel of a central petrochemical company in Tehran. Methods: This cross-sectional study was conducted on 400 personnel of a central petrochemical company in Tehran, during year 2015. Demographic information including age, gender, educational status, employment duration, working hours per day, marital status, smoking, medical history for disease and drug use, were collected by a questionnaire. Systolic and diastolic blood pressure and also height and weight were measured by standard methods and body mass index (BMI) was calculated. Pittsburg sleep quality index (PSQI) was performed to assess participants' sleep quality. Serum concentrations of fasting glucose and lipid profiles were measured by the related biochemical kits. Logistic regression analysis was used for multivariate adjusting of factors associated with sleep quality.
Background
Sleep is a dynamic and highly organized biological process (1) and also one of the important elements in 24-hour life cycle, which is considered an important part of life and accompanied by the reconstruction of physical and mental power (2) . Sleep disorders are among the biggest mental disorders (1) and insomnia is one of the most common sleep disorders (3) . Sleep quality and quantity are important for the natural function of body's daily hormonal and metabolic processes as well as appetite balance (4) .
Chronic lack of sleep is accompanied by metabolic and endocrine changes as well as long-term pathological outcomes. Additionally, different studies have demonstrated that sleep duration is related to diabetes (5), obesity (6) and cardiovascular diseases (7) . Decreased sleep quality without change during sleep is related to resistance to insulin and diabetes (8) . Short and long sleeps are both related to metabolic syndrome (9) and short sleep is a risk factor for heart attack (10) . Life quality and people's activity during waking hours are influenced by people's sleep quality (11) . Some studies have reported a relationship between sleep quality and being overweight and components of metabolic syndrome, but limited controversy, which cannot provide good evidence, may be because of insufficient adjustment of confounding factors such as gender and lifestyle habits.
Objectives
According to the importance of prevention, control of chronic diseases such as cardiovascular diseases, type-2 diabetes, obesity and high blood fat, and studying the relationship between sleep quality and anthropometric and metabolic parameters is important for maintaining and promoting health as well as decreasing treatment costs. The present study was done to investigate the relationship between sleep quality and metabolic factors as well as anthropometric indices among the staff of Tehran central petrochemical company.
Methods

Study Participants
This cross-sectional study was done as an analytical and cross-sectional work on all of official staff of Tehran central petrochemical company in 2015 (n = 400). Participants who didn't provide informed consent and didn't complete the study questionnaire were excluded from the study. After explaining the objectives and details of the project, an informed consent letter was obtained from interested participants before entering the study.
Demographic characteristics including age, gender, education, employment duration, working hours, marital status, smoking history and medical and therapeutic history of the participants were gathered by a demographic information questionnaire and face-to-face interviews.
Evaluating Anthropometric Status
Height and weight were measured by standard methods and BMI was also calculated. Height was measured using a Seca height gauge with 0.1 accuracy while having no shoes on, in a standing position, looking straightforward, and placing shoulders and back of the feet in one direction. Weight was measured twice with 0.1 kg accuracy using a Seca scale while having no shoes on, wearing minimum clothing and after execration. In the case of difference between the two measurements by more than 0.1 kg, the average was calculated after the third measurement. Body Mass Index was calculated by dividing weight (in kg) by square of height (in m). Waist circumference was measured by positioning a tape-measure right above the iliac crest. Then, the three measurements were done with 0.1cm accuracy and the average calculation was reported.
Evaluating Blood Pressure
Systolic and diastolic blood pressure was measured three times by a trained nurse from the right arm in a sitting and silent condition, with five-minute rests between each measurement and using a mercury manometer and Korotkoff sound technique; the average of the three measurements was registered.
Evaluating Sleep Quality
To study the sleep quality of people in this study, the Pittsburgh sleep quality index (PSQI) was used. This questionnaire contains nine questions for evaluating seven components of sleep quality; time for sleeping, sleep duration, rate of effective sleep, sleep disorders, using hypnotic drugs, and daily activities due to sleepiness. Minimum and maximum scores considered for each component range from zero (no problem) to three (very serious problem). Finally, the scores are added and converted to a total score (0 -10); a high score shows unsuitable sleep quality (12).
Laboratory and Biochemical Evaluation
At the beginning of the study, a 5 cc blood sample was taken from the brachial vein of the patients using a scalp vein in a sitting position on an armchair after a 12-hour fasting. To separate the serum, the samples were centrifuged at 3000 rpm for 10 minutes and at room temperature. The separated serum was incubated in a 1-mL micro tube for measuring the considered biochemical factor and was stored at -80°C until the test performance.
Fasting glucose concentration was measured using a glucose oxidase kit (Pars Azmoon, Tehran, Iran) by a photometric method with 5 mg/dL sensitivity using a spectrophotometer. Serum concentrations of triglyceride as well as very-low-density lipoprotein (VLDL) and highdensity lipoprotein (HDL) cholesterol were measured using the kit and enzyme-colorimetric method (Pars Azmoon Company, Tehran, Iran), and TC concentration was measured using the kit and enzyme-photometric method (Pars Azmoon Company, Tehran, Iran) by a spectrophotometer. Sensitivity of the mentioned tests was respectively 1, 1 and 3, and 1 mg/dL cholesterol concentration was also calculated using the Friedewald formula (LDL = TC-HDL-TG.5.0) (13).
Statistical Analysis
To statistically analyze the data, the SPSS software (ver. 22) was used. The quantitative variables were reported as mean, standard deviation, minimum and maximum. The qualitative and ranking variables were reported in the forms of numbers and percentages. To study the relationship between sleep quality and variables of gender, marital status, smoking, disease and drug consumption history and literacy, the chi-square test was used. Means of the quantitative variables in both groups with bad and good sleep were compared using independent t-test. Logistic regression model with backward-LR model was utilized for assessing sleep quality-related factors. In this model, the variables which were related to sleep quality at 0.2 level in univariate analyses were entered. Alpha level of less than 0.05 was considered significant.
Results
Frequency distribution of the participants based on the qualitative variables is shown in Table 1 . As seen in this table, 34.1% and 65.9% of the participants were female and male, respectively; 86% were married; and 11.9% had cigarette smoking history.
Mean and standard deviation of the quantitative variables are shown in Table 2 . As seen in this table, the mean age of participants was 48.27 ± 7.68 years old. Also they The mean of PSQI score for all the participants was equal to 4.77 + 2.62 (min: 0 and max: 17). Considering a score of higher than five as bad sleep quality, the results showed that 115 (29.7%) had bad sleep quality. No statistically significant relationship was observed between the qualitative variables of gender, marital status, educational level, cigarette smoking, having a defined disease and sleep quality of the participants (P > 0.05).
Comparison of the mean of quantitative variables in both groups with bad and good sleep quality showed that the mean body mass index (P < 0.001) and waist circumference (P = 0.016) were high in participants with bad sleep quality. Serum levels of VLDL (P = 0.004) and triglyceride (P = 0.001) were significantly higher in the participants with bad sleep quality than those with good sleep quality. Conversely, serum level of HDL cholesterol in the participants with good sleep quality was significantly higher than those with bad sleep quality (P = 0.034) ( Table 3) . Table 4 shows the results of logistic regression model of the factors related to sleep quality. In this model, the variables related to sleep quality at 0.2 level in the univariate analysis were entered in the model (gender, marital status, BMI, serum triglyceride, employment period, waist circumference, VLDL and HDL). As shown in the results, being a female increased bad sleep quality by about 2.5 times. Also, with the increase of BMI (OR = 1.17) and serum triglyceride (OR = 1.02), the risk of bad sleep quality increased.
Discussion
Results of this study showed that 29.7% of participants had had bad sleep quality. In this research, there was no statistically significant relationship between the qualitative variables of marital status, education, as well as smoking background, disease/drug consumption history and the sleep quality of the participants. Nevertheless, most epidemiologic studies have shown the potential of women for insomnia (14) . A meta-analytical study on 31 related articles has demonstrated a risk ratio of 1.41 (1.28 -1.55: CI95%) in females compared with males. Of course, in a few studies, no relationship has been found between gender and sleep quality (15) . Furthermore, investigations have shown that sleep disorder is higher in divorced and separated women than those who are married. Also, the effect of marital status was stronger in males than females. A part of the observed differences in gender and marital status can be due to lower socio-economic condition of women and divorced individuals (16) . Regarding the relationship between smoking and sleep quality, large cohort studies have shown that smokers have lower sleep quality and more insomnia symptoms than non-smokers (17) . Also, low level of education among females and not males with cardiovascular diseases, was accompanied by low sleep quality (18) .
In this study, body mass index and high waist circumference showed a significant relationship with low sleep quality. Also, serum levels of VLDL cholesterol and triglyceride in people with low sleep quality was significantly higher than participants with good sleep quality. Conversely, the serum level of HDL cholesterol in people with good sleep quality was significantly higher than those with bad sleep quality. Also, in logistic regression analysis, being a female increased the risk of bad sleep by about 2.5 times and, with increasing BMI and triglyceride, the risk of bad sleep quality increased by 1.17 and 1.02 times, respectively.
Several cross-sectional studies have represented a reverse relationship between BMI and sleep duration (19) (20) (21) ; however, a study on 1986 males, aged 55 to 69 years old, showed no significant relationship between the prevalence of insomnia and age, BMI, and smoking (22) . Obesity risk is higher in those sleeping less than five hours per day; such obesity is for more related to waist circumference and stomach obesity and is independent of BMI (19) . In one study, BMI, waist circumference and body fat percentage were related to sleep quality score (23) .
In this regard, it has been suggested that sleep duration is a stronger factor than sleep quality for metabolic Biotech Health Sci. 2016; 3(4):e38652. (24) . In a cross-sectional study on the general population, global PSQI score and its components (especially, sleep latency and sleep disturbance) were associated with metabolic syndrome (25) .
In our study, there was a relationship between sleep quality and some metabolic syndrome components. Regarding sleep disorder and metabolic syndrome along with their components, two studies have demonstrated that sleep disorder is a factor contributing to the risk of obesity (26) . Higher scores of sleep disorder have been related to upper percentiles of waist circumference, high TC, and high non-HDL cholesterol. The present study showed that people with higher sleep disorder had bigger waist circumference, which was in line with the results of studies by Narang et al. (27) .
Subjects with metabolic syndrome have higher global PSQI scores and a higher risk of being poor sleepers. Of the five components of metabolic syndrome, hyperglycemia and low HDL-C are independently associated with the global PSQI scores, while low HDL-C is an independent predictor of being a poor sleeper. In an investigation, low HDL cholesterol, not triglycerides, has been introduced as the independent index of low sleep quality (28); however, in another study, no relationship was seen between HDL cholesterol or triglyceride and sleep quality score (23) . In our study, a relationship was observed between serum triglyceride and unsuitable sleep quality. In another work, increased triglyceride values were significantly related to sleep duration (20) . In another study, the participants with higher levels of TC and triglyceride as well as lower HDL-C had shorter sleep than those with a normal level of such factors (29) .
Over a ten-year follow-up, longer objective sleep duration was longitudinally and significantly associated with a poorer lipid profile (30) . In the present study, no relationship was found between blood pressure and sleep quality score, which was parallel to the results of Jennings et al. (23) . Blood pressure of the participants in the present study was normal and less than the above-mentioned studies, which can lead to insignificance of statistical analyses. In some researches, total score of sleep quality and its components were related to high blood pressure and hypertension (31) . Poor sleep quality was significantly associated with resistance to treatment in hypertensive females, independent of cardiovascular and psychiatric confounders (32) . In another study, difficulty falling asleep was associated with metabolic syndrome, in particular, with high blood pressure (33) . However, no relationship was seen between sleep quality and arterial blood pressure amongst the elderly (34) . The reason for such a difference could be attributed to the studied population and race, recognition criteria, or the applied statistical methods.
The mechanism accounting for the relationship between sleep quality and metabolic syndrome components has not yet been identified. Activity of the hypothalamuspituitary-adrenal axis has an important role in the pathogenesis of metabolic syndrome (35) and can lead to insomnia (36) . Also, many short-term studies have shown that sleep limitation leads to insulin resistance, which has an important role in the pathophysiology of metabolic syndrome (37) . Sleep limitation may increase inflammatory mediators of cardiovascular risk such as C-reactive protein (CRP) (38) . Insufficient sleep can increase food intake and maintain energy in the body via organizing some neuroendocrine, metabolic and behavioral compatibility (39) . Increased weight and appetite changes might be related to changes in leptin and ghrelin concentrations induced by sleep limitation and changes in work shifts (40) . Police officers, who had sleep hours of less than five showed higher levels of leptin than those with five to seven hours of sleep (41) . Additionally, wake-sleep cycle is disturbed among police officers as a result of shifting the working plan. It seems that this working plan cycle can increase the risk of sleep disorders and metabolic syndrome (42) .
Despite reports on the relationship between unsuitable sleep and obesity in epidemiologic studies, it should be taken in to account that all of these studies (whether among adults or children) have been based on personal Biotech Health Sci. 2016; 3(4):e38652. 5
reports. Furthermore, most of these investigations have been cross-sectional, which means that their results could not imply any cause-and-effect relation. Short sleep can increase weight; yet, being overweight and obese can lead to sleep disorders. Therefore, more studies should be performed in this field as prospective and interventional researches using objective tools of sleep and obesity. Another weakness of the present study was the lack of measuring plasma concentration of the intervening hormones in the relationship between sleep quality and measured factors.
In conclusion, the present study showed that the individuals with low sleep quality had higher BMI, waist circumference, and serum triglyceride as well as lower HDL cholesterol level. Also, BMI and serum triglyceride were independently related to sleep quality score; therefore, it is recommended for such people to be screened for their sleep quality and undergo necessary measures.
